An interesting association of phosphate minerals (fluorapatite, triplite, arrojadite-group minerals and viitaniemiite) was studied from intra-granitic hydrothermal quartz veins with minor amounts of albite, orthoclase, muscovite, fluorite, rhodochrosite, arsenopyrite, pyrite, bismuthinite and kobellite. The veins occur in highly evolved, Permian topaz-zinnwaldite leucogranite at the Elisabeth adit near Gemerská Poloma, Gemeric Unit, Western Carpathians (eastern Slovakia). Fluorapatite is enriched in Mn (~4 wt. % MnO, 0.3 apfu Mn) and frequently replaced by triplite, representing the first known triplite occurrence in Western Carpathians. This mineral forms irregular aggregates (≤ 7 cm across), Mn/(Mn + Fe) atomic ratio of which attains 0.68 to 0.78 and F/(F + OH) = 0.89-0.92. "Fluorarrojadite-(BaNa)" to its Mn-dominant analogue "fluordickinsonite-(BaNa)" (both minerals still not approved by IMA-CNMNC) occurs as aggregates up to 2 cm across, showing Sr-rich (~1.7 wt. % SrO, ~0.36 apfu Sr) and Sr-poor (≤0.6 wt. % SrO, ≤0.13 apfu Sr) compositions with W site F/(F + OH) = 0.74-0.80 and M site Mn/(Mn + Fe) = 0.39-0.52. Rare viitaniemiite is Mn-rich (10 to 11 wt. % MnO, 0.34-0.38 apfu Mn). The phosphate mineralization in quartz represents a high-temperature hydrothermal assemblage. The F-rich Mn, Fe, Ca-bearing phosphates, fluorite, and muscovite precipitated most likely in presence of alkali-and fluorine-bearing post-magmatic fluids which altered primary magmatic minerals (especially Li-rich micas and alkali feldspars) and liberated some elements (Fe, Mn, Al, Ba, Sr, Na, K) from the adjacent granite.
Introduction
Phosphate minerals represent widespread minor to accessory constituents of various magmatic to hydrothermal systems, especially in highly fractionated, P-rich peraluminous granite-pegmatite suites and greisenized granites, commonly with orogenic and post-orogenic S-type affinity (e.g., London 1997; Breiter et al. 1997 Breiter et al. , 2005 Piccoli and Candela 2002; Sejkora et al. 2006; Petrík et al. 2011; Baijot et al. 2012; Llorens and Moro 2012; Roda-Robles et al. 2012) . Textural relationships, internal zoning and compositional variations of principal phosphate minerals (mainly apatite-group minerals, amblygonite, triphylite-lithiophyllite, triplite-zwieselite, and other Fe-Mn phosphates) represent sensitive indicators of magmatic to hydrothermal evolution in such systems. Specific P-T-X-fO 2 conditions lead to precipitation of unique chemical compositions of some phosphate minerals, for example in the arrojadite-group minerals (Chopin et al.
Geological setting
The hydrothermal quartz veins are developed in the specialized Gemeric granites, which were recently located during the driving of Elisabeth adit at the Gemerská Poloma talc deposit, located about 10 km north-west of Rožňava, Gemeric Unit, Slovak Republic [GPS 48°45'4.07"N and 20°29'39.32"E] .
The granitic rocks of the Gemeric Unit represent a distinct type of specialized (Sn-W-F), highly evolved suite with S-type affinity that differs from other granitoids occurring in the Veporic and Tatric Units of the Western Carpathian crystalline basement. Besides fluorine, they are enriched in phosphorus and rare lithophile elements, such as Li, Rb, Cs, B, Ga, Sn, W, Nb, Ta, U and depleted in REE, Zr, Ti, Sr, Ba (e.g., Uher and Broska 1996; Petrík and Kohút 1997; Broska 2005, 2010) . Recent zircon U-Pb and molybdenite Re-Os isotopic dating indicate emplacement of the Gemeric granites and related post-magmatic mineralization during Late Permian (~260 to 230 Ma; Poller et al. 2002; Kohút and Stein 2005; Gaab et al. 2006) . Younger, Alpine (Cretaceous) fluiddriven low-temperature tectono-metamorphic overprint affected the granitic rocks along mylonite zones (Breiter et al. 2015) .
The Gemeric granitic rocks form several small plutons that intruded the intensively folded Lower Paleozoic (mainly Ordovician to Devonian) volcano-sedimentary complex of the Gelnica Group, metamorphosed under greenschist-facies metamorphic conditions (Bajaník et al. 1984; Petrasová et al. 2007 ). In the investigated Gemerská Poloma area, the metamorphic rocks are composed mainly of phyllites, metapyroclastic rocks of rhyolitic to dacitic composition, locally with lenses of metadolomite and strongly steatitized magnesite. The latter have been recently exploited as a talc deposit near Gemerská Poloma (Kilík 1997) . Several types of granites were distinguished in the studied area ( Fig. 1): (1) coarse-grained porphyritic granite to granite porphyry, (2) medium-grained Li-annite-topaz-tourmaline bearing granite, (3) P-enriched topaz-zinnwaldite leucogranite and (4) albitite (Dianiška et al. 2002 (Dianiška et al. , 2007 Petrík et al. 2014; Breiter et al. 2015) .
Except for albitites, all listed granitoid types were found in the Elisabeth adit. Hydrothermal quartz veins with albite, muscovite, fluorite, carbonates, sulfides and sulfosalts were observed in all types of granite, but the occurrence of quartz veins with phosphate mineralization is limited only to the topaz-zinnwaldite leucogranite. The veins with phosphates are up to 8 cm thick and more than 3 m long and in addition to phosphates they also contain minor amounts of albite, orthoclase, muscovite, fluorite, carbonates (Mn-rich siderite, rhodochrosite and dolomite), arsenopyrite, pyrite, bismuthinite and kobellite. 
Analytical methods
The morphology of minerals was studied with the Olympus SZ-61 optical microscope in combination with the Olympus SP-350 digital camera (Department of Mineralogy and Petrology, Faculty of Natural Sciences, Comenius University in Bratislava, Slovakia), used for photography in incandescent light.
The powder X-ray diffraction (P-XRD) data for phosphates were obtained on a Bruker D8 Advance diffractometer equipped with solidstate LynxEye detector and secondary monochromator producing CuK α radiation housed at the same institution. The instrument was operating at 40 kV and 40 mA. In order to minimize the background, the powder samples were placed on the surface of a flat silicon wafer in ethanol suspension. Positions and intensities of diffractions were processed using a pseudo-Voigt shape function with the High-Score Plus (PANalytical) program. Unit-cell parameters were refined by leastsquare method with the Celref program (Laugier and Bochu 2011). For the arrojadite group minerals, unit-cell parameters were refined using structural data published by Chopin et al. (2006) for fluorarrojadite-(BaFe).
Quantitative chemical analyses of phosphates were carried out using a Cameca SX100 electron microprobe (Laboratory of Electron Microscopy and Microanalysis of the Masaryk University and Czech Geological Survey in Brno, Czech Republic) in the wavelength-dispersion mode. Operating conditions were 15 kV, 10-20 nA and a 5-10 μm beam diameter. The following lines and standards were used: vanadinite (Cl K α ). Raw intensities were converted to the concentrations using automatic PAP matrix correction (Pouchou and Pichoir 1985) .
Major-and trace-element concentrations in phosphate samples were determined by LA-ICP-MS at the Department of Chemistry, Faculty of Science, Masaryk University, Brno (Czech Republic). The setup consists of laser-ablation system UP213 (New Wave, USA) and quadrupole ICP-MS Agilent 7500ce (Agilent Technologies, Japan). Ablation system is equipped with Nd:YAG laser emitting radiation with wavelength of 213 nm. The sample is placed in ablation cell (Supercell ® , New Wave, USA) where the interaction of laser radiation with sample occurs. The ablated material is transported by carrier gas (helium) with flow rate of 1.0 l/min into ICP-MS. The sample gas (argon) with flow rate of 0.6 l/min is admixed to the carrier gas flow after ablation cell. The ICP-MS conditions (gas flow rates, sampling depth and electrostatic lenses voltages of the mass spectrometer) were optimized in order to maximize signal/noise (S/N) ratio and to achieve counts ratios of ThO + /Th + and U + /Th + lower than 0.2 and 1.1 %, respectively. All LA-ICP-MS measurements were done in single hole drilling mode with laser spot diameter of 40 μm, laser fluence of 10 J/cm 2 and repetition rate of 10 Hz. For quantification purpose the certified reference material NIST SRM 612 was used. All measurements were normalized to average Ca concentration in triplite (8 638 ppm) and arrojadite-group minerals (14,598 ppm) measured by the electron microprobe.
Results

Fluorapatite
Fluorapatite is the most common phosphate in quartz veins. It forms green-grey, subhedral to anhedral grains ( Fig. 2a ) and aggregates up to 1.5 cm in size, which are enclosed in quartz, and frequently replaced by triplite (Fig. 2b) . Rare are well developed, bluish-green prismatic fluorapatite crystals up to 2 mm in drusy cavities. Fluorapatite is homogenous in back-scattered electrons (BSE) mode (Fig. 2b) ; it shows ~1 apfu F, distinct enrichment in Mn (around 0.3 apfu, 3.8 to 4.3 wt. % MnO) and low Fe content (~0.03 apfu, 0.3 to 0.5 wt. % FeO).
triplite
This mineral forms salmon-pink to red-brown subhedral to anhedral grains, up to 3.5 cm (Fig. 2a) or irregular aggregates up to 7 cm, which are embedded in massive quartz together with fluorapatite, minerals of arrojadite group, Fe-rich rhodochrosite, muscovite, arsenopyrite and Bi sulfosalts. Triplite is homogenous in BSE and it often replaces older aggregates of fluorapatite (Fig. 2b) .
Triplite was confirmed by the P-XRD and its refined unit-cell parameters (Tab. 1) agree well with the published data and confirm the (1b) structure observed for F-rich poor-Mg members of the wagnerite group (Lazic et al 2014) . According to electron-microprobe measurements, triplite Mn/(Mn + Fe) atomic ratio attains 0.68-0.78 and F/(F + OH) ratio 0.89-0.92 (Tab. 2; Fig. 3a (Fig. 3b-e) .
As shown by LA-ICP-MS analyses, triplite contains relatively low concentrations of trace elements: ~110 to 300 ppm Sc, 100 to 500 ppm Ti and 230 to 470 ppm Zn; concentrations of other measured trace elements are lower than 20 ppm (Tab. 3).
"Fluorarrojadite-(BaNa)"
to "fluordickinsonite -(BaNa)"
Minerals of arrojadite group occur as greenish-yellow to yellowish-brown anhedral grains and aggregates up to 2 cm in quartz veins (Fig. 4a) , associated with fluorapatite, triplite, bismuthinite, kobellite and arsenopyrite. They are only slightly inhomogeneous in BSE (Fig. 4b) , where the lighter zones are Ba-enriched. In some cases, they contain irregular microscopic aggregates of viitaniemiite and Fe-rich rhodochrosite. Graphic-like intergrowths of arrojadite group minerals and rhodochrosite were also observed (Fig. 4c) . The P-XRD data (Tab. 4) as well as refined unit-cell parameters of arrojadite-group minerals from the Gemerská Poloma are consistent with those reported from other localities (Tab. 5 (Fig. 5c ), BaSr -1 in A1+Ca sites (Fig. 5b) , and F(OH) -1 in W site (Tab. 6).
The LA-ICP-MS analyses of "fluorarrojadite-(BaNa)" to "fluordickinsonite-(BaNa)" reveal elevated concentrations of some elements: ~1100 to 1400 ppm Li, 2600 to 3600 ppm Pb, 1700 to 2000 ppm Zn, 900 to 1200 ppm Sc, 330 to 450 ppm Ga, 70 to 100 ppm Rb, and 17 to 28 ppm Y; concentrations of other trace elements are less than 20 ppm (Tab. 3).
viitaniemiite
Viitaniemiite Na(Ca,Mn)Al(PO 4 )F 2 (OH) is rarest phosphate in the studied association. It occurs as irregular grains and aggregates up to 150 µm in size (Fig. 6a) , which are enclosed in arrojadite-group minerals together with Fe-rich rhodochrosite. Chemical composition of viitaniemite (Tab. 7) shows a distinct enrichment in Mn (10 to 11 wt. % MnO, 0.34-0.38 apfu Mn) which shows a positive correlation with Fe concentrations (1.8 to 2.6 wt. % FeO, 0.06-0.09 apfu Fe), possibly due to (Fe,Mn,Mg)Ca -1 substitution (Fig. 6b-c 443 X = A1 + A2 + B1 + B2 + Ca + Na cation sites; formulae based on P = 12 apfu and (OH+F) = 3 apfu S, As, Si, and Cl contents are below detection limit
Discussion and conclusions
The studied association represents F-rich, Mn, Fe, Caphosphate minerals which precipitated with massive quartz and minor Fe-rich rhodochrosite, albite, muscovite, fluorite and sulphide minerals. Fluorapatite is probably the oldest, as it is partly replaced by triplite (Fig. 2a-b) . The mutual textural relationships between other phases are not unambiguous but indicate near contemporary origin of all the remaining phosphates together with quartz, rhodochrosite and other associated hydrothermal minerals. Such mineral assemblage as well as textural relationships indicates a relatively high-temperature, early hydrothermal (subsolidus) origin. Similar post-magmatic, early hydrothermal origin of triplite in granite-related quartz veins was proposed, for example, in Tigrinoe tin deposit, Russia (Gonevchuk et al. 2005) , Huber stock near Horní Slavkov, Czech Republic (Sejkora et al. 2006), or Panasqueira, Portugal (Isaacs and Peacor 1981; Milá and Fabre 2014) .
Both described members of arrojadite group ["fluorarrojadite-(BaNa)" and "fluordickinsonite-(BaNa)"] are still not officially approved as valid minerals by CNMNC IMA. However, "fluorarrojadite-(BaNa)" composition is documented from the Sidi-bou-Kricha pegmatite, Morocco and it is has been identified as a potential new mineral species (Chopin et al. 2006) .
Unapproved fluor-dominant members of the arrojadite group ["fluorarrojadite-(BaNa)" and "fluorarrojadite-(SrNa)"] were also described from topaz-zinnwaldite microgranite of the Gemeric type from Surovec (Petrík et al. 2011) , only ~8 km NNE of the locality studied here. "Fluordickinsonite-(BaNa)" compositions were also noted from the Surovec microgranite (Petrík et al. 2011 ) but the published crystallochemical formulae of the two analyses showed Fe > Mn and Mn/(Mn + Fe) < 0.5 (0.48) in the M site; therefore they could be classified as "fluorarrojadite-(BaNa)" and "fluorarrojadite-(SrNa)". Viitaniemiite represents a rare Na-Ca-Al phosphate mineral, firstly described from granitic pegmatites in Eräjärvi area, Finnland (Lahti 1981) . Our compositions of viitaniemiite show a distinct Mn enrichment (10 to 11 wt. % MnO) which is comparable with viitaniemiite from the Eräjärvi pegmatites (10-12 wt. % MnO ; Lahti 1981) and from the topaz-zinnwaldite microgranite in Surovec (8-10 wt. % MnO; Petrík et al. 2011) . On the other hand, viitaniemiite from alkali silicocarbonatites in Francon quarry, Montréal, Canada does not contain any detectable Mn (Ramik et al. 1983 ). 40 Formulae based on P = 1 apfu and (OH+F) = 3 apfu S, As, Si, Ti, Zn, Sr, Ba, K, Cl were below detection limit
